It has been shown experimentally that the dependence of the logarithm of the ratio of molar volumes of the phases coexisting at equlibrium on the entropy of the phase transition has more general character than familiar dependence of the logarithm of gas phase pressure on the re@procal temperature. The presence of common liquid -vapour, crystal -vapour and adsorption laysvapour coexistence curve for a group o f substances has been established. The result has been analysed from standpoint of convertion degrees of freedom of the molecules on passing from gas phase to the surface of condensed phase.
The equilibrium between a gas phase and a condensed (liquid or solid) phase is described by the rigorous thermodynamic relation V " dp -V ' dp = S" dT -S' dT,
(1 1 where V" and S" are the molar volume and entropy of the gas phase, v ' and S t are the corresponding values for the condensed phase, p is the pressure, and T is the temperature. Far from the critical temperature, vl' v t and the second term in Eqn. (I) is neglected. After substituting oft = RT/p and integrating, the familiar temperature variation of the equilibrium pressure p is obtained:
where A H = (S'l -S t ) . T is the enthalpy of phase transition, assumed to be independent o f T. Each pure substance is characterised by definite values of A H and A. The relation In (vfl/v') = f ( AH/RT),
having a unitary property as regards the description of the phase equilibria of different groups of pure substances, is examined in the present study. For a narrow temperature range, Eqn. (3) can be formally expressed analytically on the basis of Eqn.
(1) using the activity coefficient J' for the condensed phase:
where c = l/vr is the concentration of the test substance. On substituting p = RT/v" and Eqn. A H -RT is the change i n i n t e r n a l energy i n the phase t r a n s i t i o n and B is a constant. r y s t a l l i n e phase a t the point c .
The intermediate values of the volume of the condensed phase 0 ' and of the enthalpy AH' /1n(vt1/vt) and AH/RT respectively / along the bc l i n e are determined by the composition o f the condensed phase, consisting o f a mixture of l i q u i d and crystals. For the c r y s t a l l i n e s t a t e (cd l i n e ) , the phase equilibrium curve is nearly linear. In t h i s case, the heat of the t r a n s i t i o n 4 H i s equal t o the heat of the isothermal compression of the i d e a l gas A H = RT Intv"/V').
It describes the limiting case of the coexistence of phases. In the region above l i n e 1, there a r e no phase equilibrium l i n e s f o r r e a l substances. The phase equilibrium curve f o r helium (curve 6) i s close t o l i n e 1 between 2.00 and 5.20 K. It Entropy on gas-liquid and gas-solid interface 2147 but a l s o f o r the c r y s t a l -vapour system. Fig. 3 presents the phase equilibrium curve f o r t h e c r y s t a l l i n e s t a t e of a group o f substances corresponding t o curves 3 and 4 i n Fig. 2 . .Symbol8 designate t h e values o f I n (vl/v') and A H/RT at the melting point. On curve 1 (in sequence from below upwards): t h e neon, krypton, xenon, argon, nitrogen, oxygen; on curve 2: carbon dioxide, f l u o r i n e , sulfur dioxide, benzene, ammonia, chlorine, water. The enthalpy of s u b l imation was determined as the sum of the enthalpies of t h e l i q u i dvapour (heat of evaporation) and l i q u i d -c r y s t a l (heat o f fusion) t r a n s i t i o n s . Similar common phase equilibrium curves a r e character i s t i c also of the a l k a l i metals. The accuracy of t h e experimental data of d i f f e r e n t workers does not exceed 2 2% according t o estimates.
is the m u l t i p l i e r determined when t h e equation with known and 25 is ,* 4%.
EQUILIBRIUM BETWEEN THE ADSORPTION LAYER AND THE GAS PHASE
Application o f t h i s method t o adsorption systems makes i t possible t o follow q u a l i t a t i v e l y the s t a t e o f t h e nolecules at the i n t e r f a c e . Systems with t y p i c a l s o l i d adsorbents were examined: graphitised thermal black (GTB), z e o l i t e s , activated charcoals, and s i l i c a gels.
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The p r i n c i p a l d i f f i c u l t y c o n s i s t s i n determining t h e m o l a r volume of the adsorbed substance. It i s c a l c u l a t e d by t h e equation
where W i s t h e volume of t h e adsorption space and the degree of W e s h a l l consider i n i t i a l l y adsorbents w i t h a homogeneous p o r o s i t y ( z e o l i t e ) and a homogeneous s u r f a c e ( g r a p h i t i s e d thermal black). The molar volume o f the adsorbate i n the NaA z e o l i t e was determined black w i t h i n t h e monolayer w a s c a l c u l a t e d by Eqn. (8) (a, was determined f r o m the molecular a r e a c i J according t o l i t e r a t u r e , data). Figure 5 i l l u s t r a t e s t h e equilib!t?ium curves f o r carbon dioxide adsorbed on t h e NaA z e o l i t e (I) a t 300 K and on g r a p h i t e (11) at 193 K (Reference o f o r i g i n a l experimental works used h e r e ma be found i n Ref.
adsorption. For z e o l i t e s , i t can be assumed t h a t W is equal t o t h e volume of the l a r g e c a v i t i e s c a l c u l a t e d from X-ray d i f f r a c t i o n data. The volume of t h e micropores i n porous adsorbents can be determined approximately by Dubinin-Radushkevich equation i n t h e theory o f t h e volume s a t u r a t i o n of micropores (TVSM). It i s more d i f f i c u l t t o determine t h e adsorption spase f o r non-porous adsorbents with an open s u r f a c e . To a f i r s t approximation, we assume t h a t t h e volume o f t h e f i r s t adsorption l a y e r i s equal t o t h e
). The dashed curves were c a l c u l a t e d by Egn. (63 f o r d i f f e r e n t values of n ( i n d i c a t e d a g a i n s t the curves) and
This value of ?( was obtained when Eqn. (6) was adjusted for consistency with data f o r c r y s t a l l i n e carbon dioxide with n = 5 ( l i n e cd i n Fig. 5) . The continuous l i n e s a r e the phase equilibrium curves f o r carbon dioxide; ab -l i q i u d -vapour; cd -c r y s t a l -vapour.
The dependence o f t h e d i f f e r e n t i a l heat o f adsorption q on t h e degree o f s a t u r a t i o n o f the c a v i t i e s i n t h e z e o l i t e ( I ) and o f t h e surface o f g r a p h i t e (11) i s i n d i c a t e d i n t h e upper f i g u r e (q = AH). It i s s t r i k i n g that, over t h e e n t i r e region i n v e s t i g a t e d
( from 1 t o 9 molecules per c a v i t y o f NaA z e o l i t e ) , the equilibrium curve f o r adsorbed carbon dioxide is l o c a t e d near t h e l i n e with n = 4. For t h e l i n e a r carbon dioxide molecule, having f i v e degrees of freedim i n t h e gas phase, the r e t e n t i o n o f one degree o f t r a n s l a t i o n a l o r r o t a t i o n a l freedom corresponds t o t h i s value of n when the molecule e n t e r s a c a v i t y o f t h e NaA z e o l i t e . Fig.5 a l s o p r e s e n t s t h e equilibrium c a v e f o r carbon dioxide adsorbed on the s u r f a c e of g r a p h i t i s e d thermal black. The curve begins with values of n c l o s e t o u n i t y and, as t h e degree o f adsorption i n c r e a s e s , n increases. A t t h e maximum i n the heat o f adsorption (the upper p a r t of Fig. 51 , i t reaches t h e same l i n e w i t h n = 4 as f o r t h e carbon dioxide/ NaA system. It i s s t r i k i n g that a s i g n i f i c a n t d i f f e r e n c e between the h e a t s of adsorption o f carbon dioxide on g r a p h i t i s e d thermal black and the NaA z e o l i t e (shown i n upper p a r t o f Fig. 5 ) and between t h e temper a t u r e s does not a f f e c t t h e value n i n the region o f complete s a t u r a t i o n o f the volume of t h e monolayer on g r a p h i t i s e d thermal black and o f the z e o l i t e c a v i t i e s . W e shall consider i n g r e a t e r d e t a i l the curves f o r t h e p a r t i t i o n o f t h e adsorbed substance when a monolayer i s formed on t h e s u r f a c e o f g r a p h i t i s e d thermal black. As i n Fig. 5 a family of equilibrium curves obtained by Eqn.
(1) f o r = 2 and varying i n t e g r a l val u e s o f n is i l l u s t r a t e d i n Fig. 6 . As shown before, t h e l i n e with n =3 and 6 correspond t o t h e c r y s t a l l i n e s t a t e o f two groups o f t h e mass o f t h e adsorbed substance i n t h e monolayer by Eqn. (7) using W = 0.3 cm 3 g-' and that on g r a p h i t i s e d thermal Entropy on gas-liquid and gas-solid interface 2149 substances: the noble gases (n = 3) and the "water groupf1 (n = 6).
The symbols denote the experimental values o f I n (vl'/vt) and AH/RT recalculated by Eqn. (8) appreciably shorter. The curve f o r n-hexane adsorbed on graphit i s e d thermal black a t 298 K has a similar shape. It begins near the l i n e with n = 2 and then s h i f t s towards higher n. In the region o f the m a x i m u m heat of adsorption, i t reaches the l i n e with n = 6, corresponding t o the c r y s t a l l i n e s t a t e and on f u r t h e r increase i n the degree of adsorption i t coincides with t h i s l i n e . Thus the examples presented show t h a t i n a continuous monolayer the adsorbed molecules on the surface of graphitise'd thermal black are f u l l localised. After the formation o f the monolayer and t r a n s i t i o n low values n (not shown i n Fig. 6 ).
q/RT on the degree of saturation of the with t o t h e second layer, the equilibrium curve shifts i n t o the region o f
ADSORPTION O N INHOMOGENEOUS ADSORBENTS
Vulkanl* carbon black, AC and CC activated charcoals, f i n a l y porous s i l i c a gel KSK-2, and non-unifermly porous s i l i c a g e l with a dehydr a t e d surface (NPS) were assigned t o such adsorbents. The adsorption o f benzene on these adsorbents has been investigated. The molar Voltme of the adsorbed benzene v ' on activated charcoal by Eqn. (7) f o r published values of W. F o r the remaining adsorbents, the value of was determined i n i t i a l l y and the volume v 1 was calculated f o r a 4 an by Eqn. (8); i n the region a > am i t was assuraed that 7 ' = V+;P Fig. 7 and Fig. 8 presents the equilibrium curves f o r benzene adsorbed on these adsorbents. They are located near two equilibrium l i n e s -f o r the l i q u i d ( l i n e ab ) and c r y s t a l l i n e (line cd) s t a t e s .
